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SECTION I 

IN TRODUC TION 

Within the next s e v e r a l  y e a r s  Surveyor  spacec ra f t  will be  soft-landing on the lunar  s u r -  

face. These  landed spacec ra f t  will m e a s u r e  su r face  cha rac t e r i s t i c s  and, by means  of movable  

te levis ion c a m e r a s ,  pe r fo rm a su rvey  of the area within the l ine  of s igh t  of these c a m e r a s .  

Some  t ime  a f t e r  the f i r s t  successfu l ly  landed unmanned Surveyor  spacec ra f t ,  P r o j e c t  Apollo 

will be at tempting a manned luna r  landing. The re fo re ,  it is des i r ab le  that Surveyors  be 

landed in potential Apollo landing s i t e s  and be designed to  evaluate  the sui tabi l i ty  of that  

landing s i t e ,  and have a landing aid on board  to guide the first as t ronauts  to the par t icu lar  

s i t e  which will be bes t  known at that t ime.  

The NASA Working Group on Surveyor  Landing Aids for  Apollo was cha r t e red  on 

Februa ry  5, 1965, and has  examined var ious  possible  devices  which might  be t ranspor ted  by 

a Surveyor  spacec ra f t  and which might  be used  by a Lunar  Excurs ion  Module (LEM) during 

its descent  phase  o r  by a Command Se rv ice  Module (CSM) while in lunar  orb i t .  

ac t ive  and pass ive  R F  as well a s  visual  devices  have been investigated. 

to date  a r e  p re sen ted  in this document. 

construct ion of flight qualified equipment which may  be used  on scheduled SurLeyor space -  

c ra f t  a r e  given in Sect ion VI, 

At this t i m e ,  

The tentative r e su l t s  

Recommendat ions for  fur ther  actix-ity leading to the 

- 1 -  
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SECTION II 

SPACE CRAFT DESCRIPTION 

In this sec t ion ,  the per t inent  mechanica l  and operat ional  a spec t s  of the Surveyor  and 

Apollo spacec ra f t  are  d iscussed .  

1 and 2 .  

More  detai led descr ip t ions  m a y  be found in  References  

A. SURVEYOR 

The first  four Surveyor s ,  the engineer ing mis s ions ,  will demonst ra te  the basic  design 

concept. 

62 l b  and will not be ab le  to surv ive  one luna r  night, 

They a r e  cha rac t e r i zed  by a n  injected weight of 2200 l b  and a payload weight of 

The  next t h r e e  Surveyor s ,  the operat ional  mi s s ions ,  will m a k e  measu remen t s  which 

will contr ibute  new scient i f ic  knowledge about the Moon and support  a subsequent Apollo 

landing. These  spacec ra f t  will be  cha rac t e r i zed  by an  injected weight of 2450 l b  and a pay- 

load weight of 114 lb ,  and will probably not be able  to  surv ive  one lunar  night. 

The follow-on Surveyors  will be based on a minimum modification of the operat ional  

mi s s ion  design. 

i n c r e a s e  by 20 o r  30 l b  ( the dry- landed weight would not i n c r e a s e ,  but the basic  bus would 

be s implif ied,  which would allow additional payload). 

to  a landing aid. 

The injected weight will r e m a i n  at 2450 l b  while  the payload weight m a y  

P a r t  of this payload could be devoted 

As d i scussed  in  the next two sec t ions ,  t he re  a r e  two bas ic  types of landing aid,  a s  

s een  by a Surveyor  spacecraf t .  

spacecraf t ,  are Surveyor  -dependent and Surveyor- independent  devices .  The  dependent types 

r equ i r e  that the spacec ra f t  surv ive  for  an apprec iab le  per iod of time. The  independent types 

do not r equ i r e  the Surveyor  to continue functioning af te r  the spacec ra f t  has  landed and p e r -  

fo rmed  any r equ i r ed  deployment. 

The two types,  defined by the i r  in te r face  with the landed 

- 2 -  
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B. APOLLO 

The  object ive of the Apollo P r o j e c t  is to  safe ly  land  a s t ronau t s  on the su r face  of the 

Moon, where  they c a n  undertake a n  explorat ion of tha t  environment  and  subsequently r e tu rn  

to  Earth. To take  advantage of the knowledge about the a r e a  where  a spacec ra f t  h a s  landed 

and per formed s o m e  m e a s u r e m e n t s ,  the L E M  should be brought down c lose  to  the same spot. 

An extended site su rvey  would m a k e  a given area m o r e  des i r ab le ,  but the mere fac t  that  an 
unmanned spacec ra f t  had successful ly  sof t - landed leads to a be t te r  evaluation of that  site than 

of any o ther .  

Even i f  LEM guidance w e r e  per fec t ,  t h e r e  would be s o m e  difficulty in landing nea r  a 

Sur\-eyor  with no landing a id  because  the uncer ta in t ies  in  the luna r  ephemer i s ,  shape,  and 

s i z e  would introduce e r r o r s  l a r g e r  than the d e s i r e d  landing accu racy  ( C E P o f  100 f t  with, and 

3 ,  000 f t  without a landing aid) .  Reference  3 indicates  the effects of the uncertaint ies  l i s ted  

above; Reference  4 indicates  the expected r e s u l t s  of t racking  the Surveyor  spacecraf t  a f te r  

i t  has  landed. 

visual ly  acqu i r e  i t  in sufficient t ime;  but the Surveyor  h a s  a very  s m a l l  c r o s s  sect ion and 

could not be s e e n  until the a s t ronau t s  were  quite c lose  unless  i t  had s o m e  type of location 

a id  to enhance i t s  visibility (see Reference  5) .  

The  as t ronauts  could guide the LEM c lose  to the Surveyor  if they were  ab le  to 

Though p r imar i ly  a device to be used  during the LEM descent  phase ,  i f  the landing a id  

were  detectable  f r o m  o rb i t  before  initiation of LEM descent ,  this  would be additionally useful  

information for  homing-in to  the des i r ed  s i t e .  

ta int ies  were  m o r e  than 500 m. (lu), they could be reduced to that  value. 

visual  enhancement  during lunar  orb i t  could a l so  be used  by the lunar  orb i t  to  identify a 

landed Surveyor  within the area photographed. ) 

Specifically, i f  the Surveyor  location unce r -  

(Any capability of 

A landing a id  could be designed to  be detected by e i ther  the LEM rendezvous r a d a r  o r  

P e r h a p s  such  a device could be used  both ways during by the a s t ronau t s '  v isual  percept ion.  

var ious phases  of the LEM descent  in a m o r e  optimum manner  than one which could be 

detected i n  only one mode.  

- 3 -  
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SECTION 111 

DESCRIPTIONS O F  SOME LANDING AIDS 

Landing a ids  may be ca tegor ized  as act ive o r  pass ive ,  R F  o r  visual ,  Surveyor-  

dependent o r  -independent. 

or i t  may be of hybrid design. 

A par t icu lar  device may fall into s e v e r a l  of these  ca tegor ies ,  

Severa l  s tud ies  regard ing  specif ic  types of landing a ids  have been per formed ( s e e  

References  6 ,  7 ,  8, and 9) .  The devices  studied a r e  descr ibed  in  o r d e r  of increas ing  c o m -  

plexity, which is essent ia l ly  the o r d e r  of increas ing  usefulness  for  LEM deqcent guidance. 

The next sect ion cons iders  the implicat ions of each landing aid on the Surveyor  mission.  

A. VISUAL DEVICES 

Various types of v i sua l  devices would be feasible ,  the p r imary  requi rement  being that 

enough light be re f lec ted  toward the as t ronauts  s o  that they can recognize i t  against  the lunar  

background ( s e e  Reference  5). 

A specular  re f lec tor  might be a r r anged  in a symmet r i ca l  configuration or might r equ i r e  

or ientat ion to concent ra te  the re f lec ted  energy in p re fe r r ed  direct ions.  

Such devices might be e rec tab le  diffuse or specular  re f lec tors .  

B. PASSIVE R F  DEVICES 

A recommended device of this type (Reference  8)  would be an  or ien ted ,  inflatable 

co rne r  re f lec tor .  

requi rements  for  or ientat ion.  

rendezvous r a d a r  in  o r d e r  to re f lec t  sufficient R F  energy,  they would be l a r g e  enough s o  

that ,  i f  p roper ly  coated o r  pigmented, they would be visible to the as t ronauts  during the 

descent  phase.  

A hemispher ica l  a r r a y  of inflatable c o r n e r  r e f l ec to r s  would el iminate  the 

These  devices  would utilize the skin t r ack  mode of the LEM 

C. ACTIVE R F  DEVICES 

A transponder  a t  the landing s i t e  would opera te  with the p r imary  t ransponder  mode of 

the LEM rendezvous r ada r .  The s ignal  s t rength  would be considerably g r e a t e r  than that of 

an  R F  ref lec tor  ( s e e  Reference  7 ) .  Such devices  could be built e i ther  independent of S u r -  

veyor ,  requi r ing  sepa ra t e  power supply and the rma l  control ,  o r  integrated with Surveyor  

and requir ing a n  appreciable  spacec ra f t  surv iva l  t ime  to suppor t  the t ransponder .  

- 4 -  
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SECTION I V  

COMPARISON O F  LANDING AIDS 

The utility of a landing a id  is m e a s u r e d  by how accura te ly  the LEM can be expected 

to  home- in  to  it. 

of the landed Surveyor  locat ion during luna r  orbi t .  

by i t s  impact  on the Surveyor  spacec ra f t  and m a y  be expres sed  in  t e r m s  of requi red  payload 

weight, development  time, and changes i n  the spacec ra f t  f r o m  the p re sen t  design. 

Additional value m a y  be ass igned  to its u s e  for  improving the knowledge 

The  cos t  of a landing aid is m e a s u r e d  

Additional considerat ion is being given within the Apollo P r o j e c t  to  the u s e  of the 

rendezvous r a d a r  to a s s i s t  in nulling LEM l a t e r a l  touchdown velocity. 

choice of a landing a id  h a s  on this function m u s t  therefore  be evaluated. 

tance expected is such  that  the ref lect ions f rom the lunar  s u r f a c e  itself could be used to 

m e a s u r e  the horizontal  velocity. 

Surveyor  spacec ra f t  were  s o  low that  su r f ace  ref lect ions provided an inadequate s ignal ,  the 

spacec ra f t  i t se l f ,  or a n  aluminized visual  landing aid,  could s e r v e  a s  a re f lec tor .  In that  

ca se ,  s igna l - to-c lu t te r  r a t io  would not be of any concern .  The re fo re ,  this  function, i f  

es tabl ished as a n  Apollo r equ i r emen t ,  is quite insensi t ive to the choice of a landing aid. 

The effect which the 

T h e  lunar  r e f l ec -  

If the ref lect ivi ty  of the luna r  su r face  in the vicinity of the 

If a n  optical t r a c k e r  were  to r ep lace  the rendezvous r a d a r ,  angle t racking of the landing 

aid o r  the Surveyor  would allow horizontal  velocity to be deterniined. 

Table  1 l i s t s  the cha rac t e r i s t i c s  of the different types of landing a ids .  Both cos t  and 

utility evaluations a r e  presented .  

- 5 -  
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SECTION V 

SUMMARY 

Table  1 shows that  any of the  proposed devices  would allow a LEM to land at a pre-  
de te rmined  s i t e  with g rea t  accuracy .  

the  problems assoc ia ted  with each  device.  

ca ted  type of landing a id  is the m o s t  useful,  both i n  luna r  o rb i t  and i n  the LEM descent  

phase.  However ,  t h e r e  appea r s  to  be no possibil i ty that  act ive t r ansponder s ,  beacons,  o r  

pass ive  r a d a r  r e f l ec to r s  could be c a r r i e d  by Surveyor  because  of the i r  weight and r equ i r ed  

development  problems.  

The last t h r e e  columns i n  the table indicate  s o m e  of 

It is apparent  that  the heavier ,  m o r e  sophis t i -  

Visual devices  then a r e  left  by a p r o c e s s  of e l iminat ion,  Though no pre l iminary  design 

is developed a t  this date ,  a decis ion to use  such  a device on the e a r l i e s t  follow-on Surveyor  

mis s ions  m u s t  be m a d e  soon i f  i t  is to be implemented.  

be developed m o s t  easi ly  fo r  the e a r l y  follow-on Surveyors .  

the ones which might  very  wel l  be r equ i r ed  to in te rac t  with Apollo o r  Lunar  Orbi te r .  

missions might  r e q u i r e  developing a l t e rna te  devices.  

The s imples t  possible  devices  could 

These  ea r l i e s t  miss ions  a r e  

L a t e r  

In addition to select ing landing aid types,  a policy decis ion on where  to land Surveyors  

ca r ry ing  landing aids  m u s t  be made .  

deployment s c h e m e  should be developed such  that the landing aid capabili ty is used most 

effectively . 

Depending on Apollo landing capabili ty,  an  optimum 

- 7  - 
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SECTION VI 

RECOMMENDATIONS 

The  Working Group recommends  tha t  two cont rac ts  be funded. T h e s e  cont rac ts  are to  

r e q u i r e  pe r fo rmance  of the work detai led in  the two work s t a t emen t s  given in Subsections A 

and B of this  Section. 

a landing a id  to  be c a r r i e d  on the Surveyor  spacec ra f t ,  should be moni tored  by JPL. The 

work  reques ted  in  Subsect ion B, the s imulat ion of the LEM as t ronauts '  v isual  capabi l i t ies  

during lunar  descent ,  should be moni tored  by MSC. 

out independently. 

The work reques ted  in  Subsect ion .A, providing fo r  the development of 

These  two cont rac ts  should be c a r r i e d  

It is a l so  recommended that  MSC and MIT/ IL  continue the i r  effor ts  on designing opti- 

m u m  t r a j ec to r i e s  and guidance capabi l i t ies  for  using the landing aid which is being developed. 

The Working Group sha l l  continue to  moni tor  the p r o g r e s s  being made  until a useful 

landing a id  is built. 

- 8 -  
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A. LANDING AID DEVELOPMENT 

The following work  s t a t emen t  is recommended for  implementation: 

ARTICLE 1 STATEMENT O F  WORK 

(a) T h e  Cont rac tor  sha l l  pe r fo rm the effor t  s e t  for th  below in  Phase  I and after its 

success fu l  completion thereof ,  P h a s e  11 as shown: 

PHASE I - FEASIBILITY STUDY 

( 1 )  Conduct a feasibi l i ty  study of a n  Apollo Landing Aid (ALA) sui table  for  

de l ivery  to the luna r  su r face  by a Surveyor  spacecraf t .  

development effort leading to  a prototype will be initiated. 

sha l l  be a device which is vis ible  f rom the Apollo Lunar  Excurs ion  Model 

(LEM)  a n d / o r  other  spacecraf t .  The ALA sha l l  be capable of being ejected 

to a s epa ra t ed  dis tance f rom the landed Surveyor  spacecraf t  of 50 to 100 f t ,  

and then se l f - e rec t ed .  

i s t i c s  for  t h r e e  y e a r s  on the lunar  sur face .  

If  feasible ,  a 

The landing a id  

The  ALA sha l l  r e t a in  i t s  opt ical  and shape  c h a r a c t e r -  

( i)  The  functional requi rements  for  the ALA a r e :  

A. Visual cha rac t e r i s t i c s  sha l l  be investigated for  geometr ica l  

shapes  which sha l l  include but not necessa r i ly  be l imi ted  to 

the following th ree  configurations: 

1. Spher ica l  Speculas  

The su r face  of the specu la r  s p h e r e  sha l l  re f lec t  a t  l e a s t  

85  percent  of the incident s o l a r  flux in wave length range  

of .400 to . 7 0 0  microns .  

s u r f a c e s ,  the sphe r i ca l  shape  of the device will be ma in -  

ta ined during the operat ional  life of the landing aid,  such  

that  the intensi ty  of light re f lec ted  f r o m  the s p h e r e  does 

not  vary  m o r e  than 20  pe rcen t  when viewed f r o m  any 

direct ion.  

Due to the na ture  of speculqr  

- 9 -  
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2 .  Spher i ca l  Diffuse 

The  s u r f a c e  of the diffuse s p h e r e  shal l  closely approximate  

a L a m b e r t  surface.  The ref lect ing efficiency (i. e. ra t io  of 

total  ref lected l ight to total  incident l ight)  for s o l a r  i l lumi-  

nation will be at l e a s t  80 pe rcen t  in the wave length range 

of .400 to  . 700  microns .  

3.  F l a t  Disk 

The s u r f a c e  of the f la t  disk sha l l  be diffuse and closely 

approximate  a L a m b e r t  sur face .  

will be the s a m e  as s ta ted  in  2.  

The reflecting efficiency 

Any other  configuration should have ref lect ing efficiency a s  

s ta ted in 2. a s  s e e n  f rom a range of look angles ranging f rom 

10 to 90 deg below horizontal .  

B. Stabil i ty on luna r  su r face  sha l l  be such that the landing aid sha l l  

be s tab le  once located on the lunar  surface.  The maximum 

slope expected would be 15 deg. 

(ii) The ALA design constraints  and interface with the spacec ra f t  a r e :  

A. The weight of the en t i re  ALA s y s t e m s  appropriate  to each 

weight category including the collapsed device,  enclosure,  

ejecting and erect ing equipment and any associated e lec t r ica l  

equipment sha l l  be considered to be approximately 10 lb ,  15 lb, 

20 lb, and 25 lb. 

B. The enclosure holding the ALA in  its stowed position sha l l  have 

a volume no g r e a t e r  than one cubic foot. 

C. An unobstructed ejection path above a horizontal  baseline exis ts .  

D. Deployment sha l l  be such that: 

1. The separat ing impulse,  i f  any, sha l l  not exceed 15 s lug 

f t l s ec .  

2. The  separat ing force,  i f  any, sha l l  not exceed 1,250 lb. 

- 10 - 
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E. Compatibility will be r equ i r ed  fo r  t h r e e  y e a r  surv iva l  at 0 deg 

la t i tude,  0 deg longitude on the  lunar  su r face  as defined by 

NASA Environment  and  Phys ica l  S tandards  f o r  the Apollo P r o -  

g r a m ,  NASA M-DE 8020.008B SE 015-001-1. 

F .  The ALA sha l l  not in any way contaminate  the optical, t e m p e r a -  

t u r e  cont ro l ,  o r  o ther  s u r f a c e s  of the Surveyor  spacec ra f t  d u r -  

ing its m i s s i o n  including the landing a id  deployment. 

G. The p r i m e  method of deployment will be by command f r o m  the 

spacecraf t .  

ab le  to ini t ia te  deployment. 

At l e a s t  one e l ec t r i ca l  command l ink will be ava i l -  

H. ALA design sha l l  be compatible  with JPL Type-Approval 

Specif icat ions,  to be provided. 

( i i i )  In the per formance  of this  effort: 

A. 

B. 

C .  

D. 

Study the m a t e r i a l  durability in light of the requi red  surv iva l  

on the lunar  sur face .  

Study the m a t e r i a l  capability for e rec t ion  and rigidization. 

Investigate the par t icu lar  cons t ra in ts ,  i f  any, which impose  

design l imitat ions and evaluate the r equ i r ed  value of that con-  

s t r a in t  which would allow the design to be me t .  

Consider  and advise  JPL of the effect of adding the following 

two functional requi rements  to P a r a g r a p h  (a ) (  l ) ( i ) .  

1. An automatic  backup deployment mechanism to opera te  

a f t e r  a minimum time of 14 days. 

2. A direct ional  control  deployment which will allow s o m e  

degree  of placement  of the ALA. 
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PHASE II - DEVELOPMENT S T U D Y  

(1) Conduct a developmental study of the ALA predica ted  on the r e su l t  obtained 

i n  P h a s e  I of the Cont rac t .  In  the pe r fo rmance  of this  effor t  the Cont rac tor  

shall: 

(i) Design, develop, fabr ica te ,  and a s s e m b l e  demonst ra t ion  models  of 

the ALA to demonst ra te  the i r  pe r fo rmance  capabi l i t ies  highlighting 

eject ion and erec t ion  mechanisms.  

(ii) P rov ide  design documentation of the prototype ALA for  JPL approval. 

(iii) After J P L  approval  of the design,  f ab r i ca t e ,  assemlLe,  and function- 

a l l y  t e s t  the prototype ALA. 

PHASE III - FLIGHT ALA DEVELOPMENT 

( 1 )  After  successfu l  completion of Phase  11, JPL r e s e r i  e s  the r i g h t  t o  negotiate 

with the Cont rac tor  the development of flight model  ALA'S.  

PHASE IV - DOCUMENTATION 

(1 )  F o r  Phase  I provide: 

(i) One ( I )  vellum and five ( 5 )  copies of a n  informal  l e t t e r  type monthly 

technical  p r o g r e s s  r e p o r t  set t ing for th  a s  a minimum.  

A. P r o g r e s s  previous month. 

B. P r o b l e m s  encountered and how they were  resolved.  

C .  P e r c e n t  completion planned vs  actual. 

D. Action i t ems .  

(ii) One (1) vel lum of a monthly cos t  r e p o r t  on JPL F o r m  0330 with a 

graphic  i l lus t ra t ion  of planned vs ac tua l  expendi tures  to date. 

(iii) O r a l  r e p o r t  midway through the phase  presented  by the Cont rac tor  

fo r  JPL. 

( iv)  One (1) vellum and twenty ( 2 0 )  copies  of a final r epor t .  
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EPD-298, R e v  1 Sect ion V I  

( 2 )  F o r  P h a s e  II provide: 

(i) One (1) vel lum and five (5) copies  of an  informal  l e t t e r  type monthly 

technical  p r o g r e s s  r e p o r t  set t ing for th  as a minimum: 

A. P r o g r e s s  previous month. 

B. P r o b l e m s  encountered and how they were  reso lved .  

C. P e r c e n t  complet ion planned vs  actual .  

D. Action i t ems .  

(ii) One (1) vellum of a monthly cos t  r epor t  on J P L  F o r m  0 3 3 0  with a 

graphic  i l lus t ra t ion  of planned vs  actual  expendi tures  to date. 

(iii) One ( 1 )  copy of a l l  specif icat ions,  d rawings ,  e t c . ,  gcnerated by the 

Cont rac tor  in P h a s e  11. 

( iv)  O r a l  r e p o r t  midway through the, phase presentt,tl b) t h ( 5  Contractor  

for  JPL. 

( v )  One (1)  vellum and twenty ( L O )  copies  of a final r epor t .  

ARTICLE 2 DELIVERY OR PERFORMANCE SCHEDULE 

( a )  Except  a s  o therwise  provided in  this  Cont rac t ,  the  point of inspection, acceptance 

and del ivery of a l l  suppl ies  del iverable  under  this Cont rac t  sha l l  be the Je t  Propul -  

s ion  Labora to ry ,  4800 Oak Grove Drive,  Pasadena ,  Cal i fornia .  All such suppl ies  

sha l l  be packaged, packed,  boxed, o r  c r a t ed  in such a manner  a s  to  ensu re  safe  

de l ivery  and sha l l  be shipped prepa id  to JPL. 

(b)  The  Cont rac tor  sha l l  furn ish  and del iver  the suppl ies  and pe r fo rm the se rv ices  

r equ i r ed  by ARTICLE 1, STATEMENT O F  WORK, in accordance  with the following 

schedule:  

PHASE I AFTERCONTRACTGOAHEAD 

( 1 )  Study Completion T h r e e  ( 3 )  months 

( 2 )  Monthly P r o g r e s s  and Cos t  Repor t s  15th of each month 

( 3 )  O r a l  Repor t  Six (6)  weeks 

(4) F ina l  Repor t  F o u r  (4) months 
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Demonst ra t ion  ALA One (1)  month after JPL 
approval  of P h a s e  I 

Two (2)  months Pro to type  Documentation f o r  JPL 
Approval  

Pro to type  ALA Six (6)  months 

Monthly P r o g r e s s  and  Cos t  Repor t s  

O r a l  Repor t  T h r e e  ( 3 )  months 

F ina l  Repor t  Seven ( 7 )  months 

15th of each  month 
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B. VISIBILITY SIMULATION 

The following work s t a t emen t  calls fo r  the  minimum effor t  r equ i r ed  to  allow a 

v isua l  landing a id  to  be evaluated. 

nating deposi ts  on L E M  windows, as t ronauts '  faceplates  o r  goggles ,  physical  

condition of the a s t ronau t s ,  and o ther  degrading conditions have been omitted. 

effects  of all those  degrading conditions m u s t  be evaluated e i ther  independently o r  

in conjunction with the  work  recommended below: 

All  effects due to  LEM construct ion,  contami-  

The 

STATEMENT O F  WORK 

1 . 0  Purpose  

The  purpose  of this  study is to  de te rmine  

v isua l  landing a id  i n  o r d e r  for  it to  be acqui red  

the r equ i r ed  s i ze  of a pass ive  

by the unaided eyes of the a s t r o -  

nauts  in  the Lunar  Excurs ion  Module (LEM) under  idea l  viewing conditions during 

the f inal  approach  phase of the powered landing maneuver .  Such a n  a id  will be 

c a r r i e d  to the Moon by Surveyor  and used  to m a r k  a site sui table  for  a manned 

Apollo landing. 

2.  0 Requi red  Simulat ion 

A landing a id  visibility s imulat ion sha l l  be made  under control led conditions 

with a s imula ted  luna r  background obtained by use  of a lunar  t e r r a i n  model .  The 

pr inc ipa l  p a r a m e t e r s  to be invest igated a re  probability of acquisition and t ime of 

acquis i t ion as a function of s lan t  range ,  lunar  lighting conditions, and s i z e  of the 

landing aid. 

2. 1 

for  max imum acquis i t ion times of five, ten,  and twenty seconds.  

2 .2  The 

c h a r a c t e r i s t i c s  of each  type sha l l  be s imula ted  a s  faithfully a s  possible ,  including 

shadows and var ia t ions in  luminance over  the su r face  of the aid.  

a ids  is acceptable  i f  appropr ia te  sca l ing  of all o ther  p a r a m e t e r s  is per formed and 

justified. 

2. 3 The s lan t  r ange  to the landing a id  va r i e s  f rom 1 0  n miles to 4 n miles. 

LEM approach  t r a j ec to ry  is approximately 13 deg below horizontal ,  d i rec t ly  

toward  the center  of the reg ion  where  the landing a i d  is located.  

2 . 4  

of 3600 f t  on the luna r  su r face  pa ra l l e l  to  the direct ion of t r ave l ,  and 1400 f t  p e r -  

pendicular  . 
gauss ian  with these  s tandard  deviations. 
de t e rmined  by the as t ronaut  to  within a n  angle of 1 deg ( la ) .  

The probability of acquis i t ion is des i r ed  between the range of 0. 90 and 0 .  99 - 

Independent r e su l t s  sha l l  be obtained for  t h r e e  types of landing a ids .  - 

Scaling of the 

The  - 

The locat ion of the landing aid re la t ive  to the  LEM is known to a l a  accu racy  - 

The p lacement  of the landing a id  during the s imulat ions sha l l  be 

The cen te r  of the dis t r ibut ion can  be 

- 15 - 



EPD-298, R e v  1 Section V I  

3 . 0  Descr ip t ion  of the Landing Aids 

- 3 .  1 

1) 
.400 to  . 7 0 0  micron ,  and the intensi ty  of the re f lec ted  l ight  wi l l  be isotropic  to 

within * Z O  percent .  

2 )  

Spher ica l  Specular  Landing Aid 

The  su r face  sha l l  re f lec t  85 percent  of the incident i l lumination in  the range 

The m a r k e r  s i z e  on the lunar  su r face  will be l imi t ed  to between 5 and 2 5  ft 

d i ame te r  . 
- 3.2 

1 )  
length region of . 4  to . 7  micron .  

a L a m b e r t  re f lec tor .  

2 )  
d iameter .  

3. 3 

1) 
length region . 4 0 0  to . 700  microns .  

L a m b e r t  sur face .  

2 )  

4. 0 Lunar  Lighting Conditions 

Spher ica l  Diffuse Landing Aid 

The  su r face  sha l l  re f lec t  80 percent  of the incident radiation in  the wave- 

Each  e lement  of the sur face  sha l l  approximate 

The m a r k e r  s i ze  on the luna r  su r face  will be l imi ted  to between 5 and 25 ft 

Fla t  Disk Landing Aid 

The su r face  sha l l  re f lec t  80 percent  of the incident i l lumination in the wave- 

- 

The su r face  will closely approximate a 

The m a r k e r  s i ze  will  be l imi ted  to between 5 and 50 ft d iameter .  

The following i tems  a r e  essent ia l  considerat ions to the s imulat ions.  

4. 1 Photometry  

The  photometry of the lunar  su r face  sha l l  be as descr ibed  for mar i a1  su r faces  i n  

"Natural  Environment  and Phys ica l  Standards for the Apollo P rogram,"  NASA 

- 

M-D E 8020.008B, SE 015-001-1. 

4 .2  Surface  Charac t e r i s t i c s  

T h e  su r face  used in  the s imulat ions sha l l  r e semble  in su r face  roughness ,  the 

Moon as m e a s u r e d  f rom low alt i tude Ranger  Photographs.  

4. 3 

Simulat ions sha l l  be conducted for  Sun angles  between 10  deg and 50 deg above the 

horizon.  

cons idered  for the Sun both behind and in  f ront  of the obse rve r .  

4 .4  Photometr ic  Measurements  

Al l  photometr ic  m e a s u r e m e n t s  sha l l  be r epor t ed  in  complete detai l ,  including ca l i -  

b ra t ion  of the ins t ruments .  

of the s imulated lunar  su r face  and the landing aids .  

- 

Range of Sun Angles - 

Azimuths of up to 40 deg on one s ide of the t r a j ec to ry  plane sha l l  be 

- 

D a t a  sha l l  be r epor t ed  on the photometric proper t ies  

- 16 - 



EPD-298,  Rev 1 Section V I  

5. 0 

5. 1 

visual  acuity worse  than 20/20,  correc ted .  Complete  r e c o r d s  sha l l  be maintained 

of the per formance  of each o b s e r v e r ,  and significant cor re la t ions  and t rends  sha l l  

be de te rmined .  An a t tempt  sha l l  be m a d e  to have the group of o b s e r v e r s  approxi-  

m a t e  the genera l  cha rac t e r i s t i c s  of the as t ronauts .  

6 . 0  Other  Considerat ions 

- 6. 1 

f ied i n  the "Natural  Environment  and Phys ica l  Standards fo r  Apollo" sha l l  be 

studied. 

6 . 2  

Data Pe r t inen t  to  the Simulations 

Each  obse rve r  sha l l  be  m e a s u r e d  for  s ta t ic  acuity.  No  obse rve r  sha l l  have - 

The effect of lunar  su r face  albedos which va ry  by 50 percent  f rom that spec i -  

The following effects sha l l  be ignored for  the purpose of th i s  study: - 
a )  LEM Window 

0 )  Astronaut ' s  goggles 

c )  Rocket plumes 

d) Vibration 

e )  Fat igue of as t ronaut  

f ) Accelerat ion 

g )  LEM cabin environment 

7 . 0  Schedule 

7.  1 

o r a l  presentat ion wi l l  be presented  a t  this t ime.  

7 .  2 A m i d - t e r m  o r a l  presentat ion sha l l  be presented  a f t e r  six weeks effor t .  

i s  essent ia l  a t  this r epor t  to present  sufficient analyzed data  to allow a de termina-  

t ion that the s i z e  of landing aids  which a r e  being considered a r e  reasonable  to p e r -  

fo rm the objective.  

This  study is to be completed within 3 months.  A final wri t ten r epor t  and an - 

It - 
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1. 

2 .  

3. 

4. 

5. 

6. 

7.  

8. 

9. 
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